Boise State University

ScholarWorks
2022 Undergraduate Research Showcase

Undergraduate Research and Scholarship
Showcases

4-22-2022

The Efficiency of Pooled vs. Unpooled Staple Strands for Folding
DNA Nanostructures
Amanda Wolf
Boise State University

Benjamin Balzer
Boise State University

Sarah E. Kobernat
Boise State University

Luca Piantanida
Boise State University

Eric J. Hayden
Boise State University

The Efficiency of Pooled vs. Unpooled Staple Strands for
Folding DNA Nanostructures
Amanda Wolf1, Benjamin Balzer1, Sarah E. Kobernat2, Luca Piantanida3, Eric J. Hayden
1)

Hayden Laboratory, Department of Biological Sciences, Boise State University
2)
Biomolecular Sciences Graduate Programs, Boise State University
3)
Micron School of Material Science and Engineering, Boise State University

Discussion and Future Directions

Introduction

DNA is a promising material to address the growing
demands for data storage due to its non-volatile
nature, high information density, durability, and
energy efficiency. Recently the Nucleic acid
memory institute developed an innovative DNA
data storage system: digital nucleic acid memory
(dNAM). dNAM uses DNA origami breadboards that
encode data by using different patterns of
protruding strands (see figure below). These
patterns are then revealed by fluorescence signals
using DNA-PAINT super-resolution microscopy. The
DNA breadboards are comprised of a single
stranded DNA (ssDNA) p11 kilobase (kb) scaffold
and short oligonucleotides called staple strands. In
order to produce dNAM in a more cost-effective
and logistical way, we compared the efficiency of
both pooled and unpooled staple strands at folding
the ssDNA scaffold.

Figure 1. Representation of DNA origami breadboard
that is used to produce dNAM. The grey cylinders
represent the ssDNA scaffold and the colorful strands
represent staple strands that fold the scaffold into its
desired shape. The protruding colorful strands
represent imager strands that, when attached to a
fluorescence signal, can be read as binary code. The
fluorescence signal is illustrated by green stars.
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Pooled and Unpooled staple strands are
sufficient at folding DNA into 3D
nanostructures

• We successfully determined from preliminary
data that using pooled and unpooled staple
strands result in the formation of DNA origami.
Despite nanostructures forming in both cases,
further experiments are needed to compare their
possible defects and ability to encode data.
• In the future, the project aims to make dNAM in a
one-pot synthesis to examine if we can make
multiple origamis in a single reaction. To this end,
the synthesis of dNAM will be more practical and
easily adaptable.

Methodology
1. 3D DNA origami structure was designed.
2. In two separate vials, pooled and unpooled staple

strands, and a ssDNA scaffold were each mixed
together to synthesize the final structure. The two
mixes were then placed in a PCR machine that
slowly decreased the temperature from 90°C to
20°C over 12 hours in order for the staple strands
to fold each scaffold into the desired shape.
3. The concentration of the origami structures were
quantified using electrophoresis and absorbance
measurements.
4. Atomic Force Microscopy was used to image the
DNA nanostructures.

Figure 3. Illustration of how staple strands fold the
DNA scaffold into the desired shape. The DNA
scaffold is shown in orange and the staple strands
are shown in blue.

Figure 4. The image depicts Atomic Force microscopy
(AFM) imaging of DNA origami using pooled staples
strands and M13 scaffold
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Figure 2. 1% TBE agarose gel showing proof of
formation of the DNA origami. The higher bands in wells
1 and 2 are the assembled DNA nanostructures. The left
band shows the DNA origami that was folded using
pooled staples (blue arrow) and the right was folded by
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Figure 5. The image depicts Atomic Force microscopy
(AFM) imaging of DNA origami using unpooled
staples strands.

